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Abstract This chapter analyzes the relevance that groundwater management acquires in drought 
conditions and discusses the role that it may have in the mitigation of the negative effects associ-
ated with such a phenomenon. The opportunities for groundwater exploitation constitute alterna-
tive water use, favored by the volume stored in aquifers in different regions. Drought events have 
increased lately, intensifying the requirement for groundwater, in particular for human consump-
tion and agricultural use. The conjunctive use of surface water and groundwater is a technique of 
interest in many locations. During wet periods, the use of surface water prevails, leading to the 
recovery of the aquifer reserves, which are exploited more intensely during the dry periods. A 
groundwater reservoir appears as a strategic resource depending on its storage capacity, the avail-
ability of reserves, and its spatial distribution. Groundwater use entails a planned exploitation that 
takes into consideration environmental sustainability, based on the integrated management of the 
water resources. In order to do so, the key is a balanced use that avoids the excessive lowering of 
the groundwater levels (i.e., the depletion of the resource) and the deterioration of the chemical 
quality. An integrated management of the water resources in times of drought should be character-
ized by an adequate hydrogeological knowledge and their relationship with the natural ecosystems. 
An effective system to solve the problems resulting from droughts must implement preventive 
measures that would make it possible to count, well in advance, on the necessary infrastructure 
for groundwater supply, as well as monitoring and maintenance, which guarantee its availability 
if necessary.
11.1  Introduction
Droughts are natural catastrophes with dire consequences for society, especially due to the impact on 
the drinking water supply and the decrease in agricultural productivity. Unlike other catastrophes, such 
as floods, hurricanes, or tornadoes, whose distributions are rather restricted on a spatial and temporal 
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scale, drought regimes are more difficult to determine as regards their duration, and their area of influ-
ence may be much larger. This leads to greater difficulties in defining the estimation and prediction 
methods.
Droughts have been classified into different types [18], such as meteorological (lack of precipitation), 
agricultural (lack of soil moisture), or hydrological drought (reduction in runoff or groundwater levels) [19].
For a given period of time, water deficiency may constitute a different type of drought depending on the 
effects taken into consideration. A prolonged dry period may significantly reduce crop yield (agricultural 
drought) due to the shortage in soil moisture [8], but have little effect on the storage of the groundwater 
recharged in previous periods. Conversely, during a dry period extended in time due to a lack of ground-
water recharge, the water tables may be lowered, decreasing the reserves (hydrological drought), which 
may contrast with the occurrence of precipitations during the time period considered [12]. Examples may 
be given of the co-occurrence of agricultural drought due to the limited soil water reserves and of water-
logging caused by the rise in the water tables recharged in earlier times [13].
If groundwater is part of the water cycle, it constitutes an areally limited, renewable resource natu-
rally recharged by the infiltration of rainwater or surface water. It is in continuous motion in an aquifer 
medium, though generally slowly, until it discharges through springs, rivers, or subterraneously into the 
sea; therefore, many aquatic and terrestrial ecosystems depend upon it.
The unity of the water cycle and the need for integrated water management entail taking groundwa-
ter into consideration during drought periods, given the role that it may have in the mitigation of the 
impact exerted by the phenomenon. It is precisely the objective of this chapter to define the importance of 
groundwater management in drought conditions.
11.2  Groundwater as Reservoir
An aquifer constitutes a subterranean water reservoir with different possibilities for use and exploitation, 
which is why they are a source of supply both during normal periods and droughts.
Groundwater systems tend to respond more slowly to short-term variability in climatic conditions 
than surface water. As a result, the estimation of groundwater storage and its related model simulations 
are generally based on average conditions, such as mean annual recharge or mean annual discharge into 
rivers. This use of the average conditions may be adequate in normal circumstances, but the results may 
be altered during droughts. Therefore, the simulation of extreme scenarios of water shortage is required.
Groundwater exploitation underwent extensive development in the second half of the twentieth cen-
tury, which transformed groundwater into a significant source to mitigate the consequences of droughts. 
Experience suggests that traditionally such mitigation is associated with the construction of hydraulic 
infrastructure, such as surface reservoirs or canals for inter-basin water transfer.
In order to exploit groundwater during periods of droughts, it is necessary to take advantage of the 
possibilities for water transfer and storage that aquifers have to offer. The size and inertia of most aqui-
fers cause them to function as large reservoirs with stored volumes several times larger than the annual 
recharge they receive [15].
The occurrence in different regions of groundwater reservoirs that store important volumes and whose 
exploitation is minimal is a practical alternative for drought mitigation.
On the other hand, in those regions where the groundwater levels have been drawn down significantly 
by exploitation before the drought, groundwater may fulfill a different role when dealing with droughts. 
Intensive exploitation may cause the water level in lakes and the runoff in streams and other water bodies 
to be below the limits during droughts [11], which constitutes an additional problem in such a situation.
The increase in groundwater use may continue after a drought, since constructing wells and setting up 
the infrastructure to supply groundwater may require substantial investment. Therefore, a drought might 
bring about an unexpected permanent change in the level of groundwater development.
The effect of possible long-term climate changes, including changes in the average conditions and cli-
mate variability, should also be considered [3,14]. Climate change could affect groundwater sustainability in 
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several ways, including changes in recharge, longer-lasting droughts, changes in evapotranspiration, and the 
possibility of an increasing water demand. Shallow aquifers, which supply most of the water flow in streams, 
lakes, wetlands, and springs, are the part of the groundwater system most sensitive to climate change.
11.3  Groundwater Use during Droughts
Water scarcity is a phenomenon that is becoming more frequent and alarming, and it affects different 
regions in the world. The number of drought events has grown, their severity has increased in the last 
30 years, and—as previously mentioned—according to the climate change predictions, problems such as 
water shortage and droughts could be exacerbated [23,24].
The circumstantial use of groundwater due to a lack of water availability during droughts should also be 
associated with an increase in its exploitation, related to a larger demand brought about by the transfor-
mation of agriculture from rainfed to irrigated systems, and by an increase in human population.
Groundwater pollution is much more difficult to abate than surface pollution because groundwater 
can move great distances through unseen aquifers. Pollutants and contaminants can be removed from 
groundwater by applying various techniques, thereby making it safe for use. Groundwater treatment tech-
niques span biological, chemical, and physical treatment technologies. Nanotechnology is being used to 
develop solutions to different problems in groundwater quality. Nanoparticles can be used to convert the 
contaminating chemical through a chemical reaction to make it harmless [7].
The pollution hazard of an activity will be greater in certain hydrological, geological, and soil situations 
than in others. When we consider the level of risk from any given activity and want to ascertain its accept-
ability, we have to assess the total exposure of the groundwater system to that hazard. Vulnerability maps 
[21] are usually a significant element of the risk assessment.
Regions that satisfy their demand by using surface water generally have a hydraulic infrastructure with 
regulation capacity that allows them to guarantee the supply in normal climatic conditions, but during 
drought periods—when significant supply failures occur—they could be affected. Such a situation could be 
alleviated if groundwater were part of the exploitation system, since groundwater reserves are less affected 
by droughts in the short and medium term due to the characteristics and hydraulic properties of aquifers.
In such cases, the role of groundwater has generally been a quick-fix solution to the problematic situ-
ation, but not as part of an integrated plan for a supply system, leaving its resolution up to more conven-
tional operations. The proposal should include groundwater as another element in the regulation systems, 
taking into consideration that it is a resource whose availability is only temporarily affected by the conse-
quences of an important decrease in precipitations.
Experience shows that in those regions that only depend on groundwater for supply, an overexploita-
tion during drought periods may have a negative impact, even though groundwater constitutes a strategic 
resource in such situations.
In such regions, groundwater is more susceptible to the impact of drought, due to a reduction in natural 
or artificial recharge, but essentially because such conditions cause an increase in groundwater exploita-
tion, with more extraction to compensate for the shortage in water supply. Although there may be ground-
water management programs, in many areas there is no control that leads to restricting or prohibiting any 
groundwater pumping. Therefore, an increase in pumping may have negative consequences, including 
the drying of wells, the occurrence of subsidence, a decrease in water quality, saline intrusion, and the 
progressive depletion of the source [1]. As a result, apart from leaving the problem unsolved, it poses an 
excessive, unjustified economic burden.
Artificial recharge with rainwater or reclaimed water is the practice of increasing by artificial means 
the amount of water that enters a groundwater reservoir. This includes, for example, direction of water to 
the land surface through canals, irrigation furrows or sprinkler systems, and injection of water into the 
subsurface through wells.
The combined or alternating use of surface water and groundwater, which has been implemented in 
many regions [22], should have a much more significant role in the future [2]. The experience of developed 
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countries, such as the United States [16], regarding such a practice shows that, though necessary, it takes 
time for it to prevail.
From a practical standpoint, it is possible to find an increasing number of examples of the importance 
of groundwater in drought management. This concept was put into practice in the southeastern United 
States (California) and also in Spain [4]. In each case, the technical aspects of the aquifer must be studied 
in order to find the most adequate type of recharge and storage, as on many occasions there are underly-
ing economic, legal, and political problems. This may be the reason why the conjunctive use has not been 
implemented in a planned, supervised, and controlled manner in many locations.
This practice has been in use in many places worldwide. During wet years, surface water is used and 
the aquifer is allowed to recover in a natural way, whereas the “natural” groundwater is only extracted 
in the dry years. This type of solution has been applied in Arizona [15,17], and for a long time it has 
been demanded in order to solve problems in a rational way. In arid and semiarid areas, to reduce the 
impacts of persistent intraseasonal drought and also to reduce flood damaging, rainwater storage is a 
prerequisite that keeps water from evapotranspiration, increases groundwater level, and decreases flood 
hazards modification to exchange between surface water and groundwater through flood spreading, 
dams, etc. [10].
11.4  Groundwater in Water Management
The use of groundwater to mitigate the effects of droughts will be effective if it is developed on the basis of 
early planning, since it is an essential aspect to maintain the reliability and sustainability of the resource. 
The components of the plan must include a management program that monitors the hydrodynamics, 
chemical quality, and surface water–groundwater interaction.
The strategic character of a groundwater reservoir during periods of droughts is particularly connected 
to characteristics such as:
• Its storage capacity and inertia in recharge processes
• Availability (it is not significantly affected in the short and medium term by a decrease in 
precipitations)
• Spatial distribution (occurrence in the proximity of the region to be supplied)
• Water reserves (which may be exploited in a planned manner)
Groundwater use does not entail the mining of the resource but a planned exploitation, taking into con-
sideration environmental sustainability.
The operational procedures may be summarized in two phases:
 1. Temporary exploitation of groundwater reserves, which causes their decrease and the subsequent 
lowering of water table and piezometric levels
 2. Reserve recovery (natural or artificial recharge) after a drought, with an increase in recharge and a 
rise in the water table and piezometric levels
The objective of the sustainable use of water should be an integrated approach [9], taking into consid-
eration the conjunctive use of surface water and groundwater and paying attention to both quality and 
quantity, based on their complementary nature.
This conjunctive use has been implemented in different ways, although it is commonly associated with 
the use of the surface water surplus to recharge aquifers artificially whenever precipitations make it pos-
sible and the extraction of water from the aquifers in times of drought. On other occasions, the natural, 
alternating use of surface water and groundwater is enough, which prevents the problems brought about 
by the use of artificial recharge, especially the economic ones.
A key criterion is to find a balance in groundwater use that prevents the lowering of water table and 
piezometric levels in the long term (exploitation) and a rise in the levels (recharge), along with the threat 
of waterlogging and salinization of the land.
AQ3
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This concept includes the use of the aquifer as a reservoir, contributing to an increase in the water 
regulation capacity and providing a better response to the possible drought periods. This solution is flex-
ible due to the spatial distribution of aquifers, which entails adaptability to different situations, such as a 
pipeline or hydraulic infrastructure.
The conjunctive management of surface water and groundwater resources is necessary to mitigate the 
impact of droughts. This requires a multidisciplinary approach that develops coupled models of surface 
water and groundwater flow in which the detailed hydrogeological characteristics (hydrodynamics and 
hydrochemistry) of the study area are taken into consideration. A historical series of the groundwater 
levels is also important for the proper calibration of the models [20].
In order to deal with the situations resulting from droughts, it is necessary to have a detailed knowledge 
of the following:
• Hydrogeological characteristics and estimation of the water reserves available in aquifers located 
near the area affected by periodical droughts
• Conditions of the aquifers to be used as regulation reservoirs
• Storage capacity of the aquifers
• Adaptation possibilities of the groundwater system for artificial water recharge
The cost should include well construction, pumping equipment, water conveyance infrastructure, moni-
toring systems, and system maintenance. Besides, it should include programs for the improvement of the 
hydrogeological knowledge, as well as the protection and management of aquifers and groundwater.
A hydrological plan considering droughts requires a good knowledge of the hydrogeology and its rela-
tionship with the related natural ecosystems, which will make it possible to overcome the problems derived 
from such adverse climatic conditions. An efficient system to solve these problems should implement pre-
ventive measures—that is to say that the necessary infrastructure should be available in advance—keep 
records, and monitor, in order to guarantee their availability if necessary.
11.5  Summary and Conclusions
Groundwater may have a strategic role in overcoming drought periods. However, there is no unique solu-
tion to mitigate the consequences of droughts. An integrated management of surface water and ground-
water (conjunctive use) is required, since it is unlikely for the problem to be solved in an isolated manner. 
An adequate hydrological plan integrating both water sources is essential in the mitigation of the conse-
quences of droughts.
Knowledge of the systems affected by drought situations, especially with regard to water supply and 
demand, makes it possible to act preventively, which constitutes an essential tool to face such conditions. 
This leads to securing the infrastructure that would guarantee the availability of water when needed.
As regards groundwater, it is essential to quantify the storage capacity of aquifers, as well as to assess 
the conditions for their incorporation into the exploitation systems, the selection of an adequate recharge 
system if necessary, and the monitoring and maintenance of the operations involved in the introduction 
of the system.
The combined use of surface water and groundwater constitutes a tool to be taken into consideration in 
regions subjected to periodical droughts.
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